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Digestibility of Sugars, Starches and Pentosans 
of Roughages 
G. S. FRAPS, PH. D., CHEMIST IN CHARGE; STATE CHEMIST. 
Comparatively little work has been done upon the composition and 
digestibility of the nitrogen-free extract of feeding-stuffs. The writer 
(Bulletin No. 172, N. C. Experiment Station, 1900) has studied the 
digestibility of sugars and pentosans, and given a. review of the litera- 
ture up to 1900. Further data is given by the writer in Bulletili Wo. 
104 of the Texas Experiment Station. Dr. R e a r  (Pennsylvania Re- 
port, 1903-4) has studied the composition of timothy hay in  detail, 
and Dr. Headden (Bulletin No. 124, Colorado Experiment Station, 
1907) has made quite extensive studies into the composition, eonstit- 
uents, and digestibility of a number of feeding-stuffs. As this bulletin 
is largely a report of progress, we will not go further into the litera- 
ture of the subject, but will postpone such discussion to a later bulletin. 
METHODS O F  WORK. 
The material used in this work was secured in the digestion ex- 
periments described in  Bulletin No. 147 (1912) of this Station. For 
details of the digestion work, reference should be made to that bulletin. 
Rsdu.cing Sugars.-Five grams substance'is added to 75 c.c. water 
and let stand for thirty minutes, stirring about every five minutes, 
filtered, and washed to a volume of about 175 c.c. in  a 200 c.c. flask. 
Five c.c. lead subacetate is added and shaken well. Ten c.c. of 10 
per cent. sodium sulphate is added and the mixture shaken. Ten c.c. 
of 10 per cent. copper sulphate is added and shaken and the liquid 
made up to 200 c.c. It, is then filtered immediately through a fluted , 
filter into a dry flask. Thirty c.c. of Allihn's copper solution, 30 c.c. 
of alkaline tartrate solution, and 35 c.c. water are placed in  a beaker 
and heated to boiling. Then add 50 c.c. of the above solution, heat 
to boiling, and as soon as it boils, turn over the two minute sand glass, 
heat two minutes, then filter immediately through a thick asbestos 
filter without diluting, and wash thoroughly with hot water. Deter- 
mine copper by Low's method (A. 0. A. C. Methods). Calculate to 
reducing sugars. 
Total Sugars.-(b) Fifty c.c. is placed in a beaker, 5 c.c. of con- 
centrated hydrochloric acid added, the beaker placed in a water bath 
which is at  70°, with a thermometer arranged so that it hangs in  the 
center of the beaker. It should take about two and one-half minutes 
to reach 69": and should be maintained at this temperature for seven 
and one-half minutes. Then cool and neutralize with sodium car- 
bonate. Heat up the mixed reagent as in  (a), pour illto the beaker, 
heat to boiling and boil two nlinutes, and complete as in (a) .  Cal- 
culate to destrose, subtract the reducing sugars, and the result mul- 
tiplied by 0.95 is the di-sugars or polpsaccl~aroses. 
Starch.-Weigh out 4 grams of the material if it is a hay or excre- 
ment; if i t  is corn chops, kafir, rice polish, or a similar concentrate, use 
2 grams-and extract with fire s~ccessive portions of 10 c.c. each of 
ether on a hardened filter No. 589. Wash the residue from the paper 
into a beaker with 100 c.c. of water. Run a blank on the malt with 
each set. Heat on a sand bath to boiling with constant stirring and 
continue the boiling and stirring thirty minutes. Replace the water 
lost by evaporation. Immerse the beaker in a water bath and keep i t  
between 55" and G O 0 .  When cooled to 35" C., a.dd 10 c.c. of fresh 
extract of malt. (See below.) Do not add the malt extract until 
the liquid is cooled. Digest the mistare with occasional stirring for 
one hour a t  55" to G O 0  C. Boil a second time for fifteen minutes, 
replace the water lost by evaporation: cool to 55" and digest as be- 
fore with 10 c.c. of malt extract for one hour. Reat to boiling, cool, 
and make up to 250 c.c. in a pacluated flask. Filter through a dry 
paper and remove 200 c:c. of the filtrate to 500 c.c. flask. Plug the 
flask with cotton 1~001. T~venfp c.c. of the 25 per cent. hydrochloric 
acid, specific gravity, 1.125, is added and heated for three hours in a 
boiling water bath, then cooled. Xeutralize with carbonate of soda, 
make u p  to 500 c.c. and filter through a dry paper. Determine the 
reducing sugars in  the filtrate bv the Allihn method. Calculate the 
total cuprous oxide reciuced to dextrose, then subtract the blank in the 
malt, previously calculatecl to dextrose. Nest divide hv the quantity 
of substance used. The total sugars must be subtracted before calcu- 
lating to starch. 
Matt Exfract.--Dicest cold two to three hours 20 grams of fresh 
malt over night wit11 200 c.c. of water and filter. This solution will 
not keep over thirty hours. Each time a fresh solution is made up, 
deiermine the reducing s~igars produced from it. using 20 c.c. and 
going through the above process with pare water the same as if i t  
contained starch. 
b 
Pen  tosans in Nitrogen-Free Ezt~act.-The digestibility of the pen- 
tosans is discnssecl in another Bulletin (see Bulletin No. 175). The 
pentosans in  the nitrogen-free extract are inserted in  the table for the 
purpose of cornparisor! ancl cliscus~io~. 
Redacing Fugars from 15swi-(7ellulose.-This term i.4 applied to the 
sugars produced f ~ o m  material clissolved by approximately N/50 acid 
and approximately N/50 alltali. Two grams substance was boiled 
thirty minutes with 200 c.c. water and 20 c.c. N/5 hydmchloric acid, 
then 40 c.c. K,/5 soclium hydroxide added, and the boiling continued 
for fifteen minutes. It was then filtered through asbestos, the volume 
of the filtrate made 400 c.c., placed in  a 500 c.c. flask, and 40 c.c. of 
25 per cent. hvdrochloric acid added. The liquid was heated three 
hours in  a boiling water bath, cooled, nearly neutralized with caustic 
soda, ancl made up to 500 c.c. Dextrose was then determined by the 
Allihn method. -1s the filtrate contains both the starch and reducing 
sugars> these were subtractecl. (as dextrose) from the result, and the 
remaincler taken to be dextrose as reclucing sugars from hemi-celluloses. 
Pentosans were dissolved b~ the acicl ancl alkali, ancl partly destroyed 
(see Bulletin No. 175). Pentosans have nearly the same reduping 
power as dextrose. 
Illaterial RenderecZ I~~soluble  by Acid.-The treatment with hydro- 
chloric acid (25 per cent.) in the above method renclered some of the 
material insoluble, as a brown or black powder. This was filtered off 
on asbestos, washed with water, and the quantity estimatecl. This sub- 
stance is, of course, inclefinite. 
,Solzible Risid?ie.--The "residue" is left after subtracting the sugcrs, 
starch, pentosans and material rendered insoluble by acid, from the 
soluble nitrogen-free extract. It represents the nitrogen-free extract 
soluble in approximately N,'50 acid and alkali, not included in the 
groups named. 
.Qol~hle LVitrogen-Free 3xtmct.-We upe this term to designate the 
nitrogen-free extract rlissolved by approximately N/N acid and ailiali 
as deecribecl in the following method: 
C.-1 
Reagents, Pift7z X ~ r ~ n a l  Sulp7~uric Acid.-Dilute 25 c.c. sulpharic 
acicl with 4000 c.c. water and titrrlte 10 c.c mith N/10 ammonia and 
cochineal. Adjust so tht 10 c.c. requires from 19.9 to 20.2 c.c. am- 
monia to neutralize. 
, Cawtic Podn.-Dissolve 35 grams caustic soda pure by alcohol in 
4000 c.c. water. Titrate 10 c.c. with N/5 hydrochloric acid and cochi- 
neal and adjust so that 10 c.c. requires between 9.95 to 10.05 c.c. of 
the acicl. 
Estimation.-Extract 2 grams material with ether. Transfer to tall 
beaker and adcl 0 0  c.c. boiling water (measured with a cylioder) and 
20 c.c. fifth normal snlphuric acid, measured with a pipette. Boil 
thirty minutes, rising a round-bottom flask as a condenser. While 
boiling. add 40 c.c. fifth normal caustic soda. measured mith a pipette 
anil continue to boil for fifteen minutes. Filter on asbestos, wash a-ith 
hot water, then once mith alcohol ancl dry ten hnurs. Weigh, ignite, 
anrl weigh again. The loss in weight is the total material insoluble in 
approximately N/50 acid ancl alkali. This includes crude fiber and 
proteins. The proteins were dete~rnined, and proteins plus crude fiber 
subtracted f r ~ m  tl?c insolnblc residue. The difference is the insoluble 
nitrogen-free extract. This is not strictly correct, as the crude fiber 
contains some protein. The iota1 nitrogen-free extract less the inrolu- 
hie gives the soluble nitrogen-free extract. 
COBTPOSITION OF THE FEEDS. 
Table 1 shows the percentage composition of the roughages used in 
the experiments. Table 2 shows the percentage composition of the 
nitrogen-free extract. 






Reduc- Rend- Total 
Sugars Soluble ing sugar ered in- except 
Starch. Pen- from soluble sugars 
tosans. hemi- by from 




residue. soluble. Name of Feed. 
3277 Alfalfa hay used in Experiment No. 3.. ...... 
4252 Bermuda hay used in Experiment No. 12.. .... 
3609 Burr clover used in Experiment No. 6.. ....... 
3833 Buffalo grass used in Experiment No. 9 .  ...... 
4557 Corn shucks used in Experiment No. 17.. ..... 
3220 Cowpea hay used in Experiment No. 1. ....... 
4552 Guam grass used in Experiment No. 16. . . . . . .  
. 3587 Johnson grass hay used in Experiment No. 4.. 
4238 Johnson grass hay used in Exper~ment No. lo.. 
4546 Kafir fodder used in .Experiment No. 15. ...... 
4247 Mlllet used 1n.Experirn.ent No. 11 . . . . . . . . . . . .  
3595 Oat hay used in Expcr~ment No. 5. ........... 
4259 Peanut hay used in Experiment No. 13.. ...... 
4277 Para grass used in Experiment No. 14.. ....... 
3625 Rice straw Japan used in Experiment No. 7. 
4663 Rice straw ' ~ o n d d r a s  used in Experiment No.18 
3224 Sorghum gay u s ~ d  inlExaeriment No. 2 . .  ..... 




























Reduc- Ren; Total 
Sugars Soluble ing sugar dered ln- except Total Insoluble 
Name 3f Feed. Starch. Pen- from soluble sugars Soluble N. F. N. F. 
tosans. heml- by from res~due. Extract Extract. 
Mono. Di. cellulose acids. hemi- soluble. 
cellulose 
Alfalfa hav used in Experiment No. 3.. ............... 
Hermuda hay used in Experiment No. 12.. . . . . . . . . . . . .  
13r1rr cloirer used i n  Experiment No. 6 . .  . . . . . . . . . . . . . . .  
l3ulTalo grass used In Ex~~: lmcnt  No. 9 . . . . . . . . . . . . . .  
Corn shurks used !n ~ x ~ e i i m e n t  No. 17:. . . . . . . . . . . . . .  
Cowpea hay used.in Experiment No. 1. ............... 
Guam grass used In Experiment No. 16. . . . . . . . . . . . . . .  
Johnson grass used jn Experiment No. 4.. . . . . . . . . . . . . .  
Johnson grass used in Experiment No. 10.. . . . . . . . . . . . .  
Kafir fodder used in Experiment No. 15. . . . . . . . . . . . . . .  
Millet used in Experiment No. 11 . . . . . . . . . . . . . . . . . . . .  
Oat hay used in Experiment No. 5.. . . . . . . . . . . . . . . . . . .  
Peanut hay used in Experiment No. 13.. . . . . . . . . . . . . . .  
Para grass used in Experiment No 14 
Rice straw Japan used in ~xper iAent  N; ' 5' ' ' ' ' ' ' ' ' ' ' 
Rice straw: ~ o n d i ~ a s ,  u ed i n  ~xperiment '~; . '  18: : : : : : 
Sorghum hay used In Exper~ment No. 2 . .  ............. 
Vetch hay used in Experiment No. 8.. . . . . . . . . . . . . . . . .  
The feeds contain only small percentages of sugars and starch. An 
exception is millet, which contained some grain. Rice straw appar- 
ently contains over 5 per cent. starch, but this is probably due to sub- 
stances other than starch. 
The reducing sugars formed from the material dissolved by the ap- 
proximately N/50 acid and alkali are not equal to the pentosans so 
dissolved. As shown in another Bulletin (No. I%), pentosans or 
pseudo-pentosans, are destroyed by the treatment with these reagents. 
The quantity destroyed, however, is less than the difference between 
the soluble pentosans and the reducing power of the solution, so that 
further destruction o-f pentosane must take place during the inversion 
with hydrochloric acid. IQe should further expect a production of 
hexose sugars, due to the solvent action of the N/50 acid or alkali 
upon hemi-celIuloses, but these must have also been in part or largely 
3estroyed by the inver~ion with hydrochloric acid. 
During the inversion with hydro~hloric acid, a black powder sepa- 
rated out, strongly resembling the so-called "humic acid" formed by 
!he action of acids upon sugar. This substance was filtered off, and 
estimated. l'he determination of such an indefinite body can lay lit- 
tle claim to accuracy. We should judge that, in part at  least, it is 
3erived from sugars. 
The estimation of the pentosans and hexoses dissolved from feed- 
ing-stuffs by dilute acids, thus requires study, as both pentosans and 
hexosans are no doubt destroyed in the process of the estimation, so 
that the results are too low. 
The nitrogen-free extract dissolved by approximately N/50 acid and 
alkali from legumes and from non-legumes is quite different in pro- 
portion. While from one-third to one-half of  the nitrogen-free extract 
of non-legumes is dissolved, from legumes three-fourths to four-fifths 
dissolves. The nitrogen-free extract of legumes is thus more rearlily 
soluble than that of non-legumes. 
DTGESTIBILITY O F  THE MATERIALS. 
Table 3 shows the co-efficients of digestibility of the groups of ma- 







TABLE 3.-COEFFICIENTS OF DIGESTIBILITY. H E 
The sugars are highly digested. This is in accord with previous 
nork (N. C. Bulletin No. 172, Texas Bulletin No. 104). One or two 
cases of lover digestibility occur, but as the excrements contain other 
reducing substance3 in addition to sugars, it is quite possible that the 
lower results are due to these snbstances and not to the presence of 
sugars, 
Starch also has a high digestibility. There are some cases in 
which the digestibility is low, notably with millet. It is probable that 
other substances in aclclition to s t ~ r c h  are dissolved by the treatment 
with malt, and the low results in these particular cases may be due 
to these other substances, which may even possibly be formed during 
the process of digestion. 
The reducing sugars formed from the hemi-celluloses exhibit qnite 
marked variations in digestibilitp from 0 or less, to 92 per cent. 
This may be ascribed in part at !east to the unsatisfactory character 
of this determination, due to the partial destruction of sugars alresdy 
discussed. I f  ma? also be in part due to tile production, during the 
fermentation in the intestines, oC soluble products from materials 
previously insoluble. 
The material rendered insoluble b$ acids is an indefinite group, and 
its digestibility varies. It is a question if much significance car1 be 
attached to this group. Pcntosans were determined in a number of 
these insolubles, with the following results: 
Per Cent. Per Cent. 
No. Description. Insoluble. Pentosans. 
3649 Vetch hay . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5.94 0.79 
3700 Excrement, vetch hay. . . . . . . . . . . . . . . . . . .  3.21 .OO 
3877 Excrement, rice s t rav,  . . . . . . . . . . . . . . . . . .  5.88 .OO 
4249 Excrement, millet . . . . . . . . . . . . . . . . . . . . . .  7.07 .OO 
4254 Esercment, Berrnncla . . . . . . . . . . . . . . . . . . .  5.68 .OO 
4559 Escren~ent, corn ~ h ~ c k s .  . . . . . . . . . . . . . . .  7.52 .OO 
3609 Burr clover . . . . . . . . . . . . . . . . . . . . . . . . . . .  6.44 0.94 
3623 Excrement, b111.r clover. . . . . . . . . . . . . . . . . .  6.97 0.38 
4238 Johnson grfiss hap. . . . . . . . . . . . . . . . . . . . . .  3.54 0.31 
4240 Escren~ent, Johnson grass. . . . . . . . . . . . . . .  7.59 0.43 
4558 Guam grass . . . . . . . . . . . . . . . . . . . . . . . . . . .  5.81 0.30 
4.554 Escrement, guam grass. . . . . . . . . . . . . . . . . .  .11.69 0.29 
The substances selected contained a high percentage of material msde 
insolnhle. If pentosans are made insolable by the hvdrochloric acid, 
their character is destro!.ed, so that the!r no longer yield furfural. 
Xitrogen was also determined in some of the insolubles~ and the 
results calculatecl to protein. Resultc are in the table : 
Per Cent. Per Cent. 
No. Description. Insoluble. Pentosans. 
. . . . . . . . . . . . . . .  32-58 Excrement, sorqhum hay. 8.90 1.56 
3589 Excrement. Johnson grass. . . . . . . . . . . . . . .  6.83 1.62 
359.5 Oat hay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.73 1.11 
3597 Excrement, oat hav. . . . . . . . . . . . . . . . . . . .  .10.44 2.44 
362.5 Rice straw . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.21 0.50 
Per Cent. Per Cent. 
Xo. Description. . Insoluble. Pentosans. 
3883 Buffalo grass hay. . . . . . . . . . . . . . . . . . . . . .  2.27 0.60 
424"i'illet . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.28 0.69 
42,52 Bermuda hap . . . . . . . . . . . . . . . . . . . . . . . . .  2.63 0.70 
3877 Excrement, rice straw. . . . . . . . . . . . . . . . . . .  .5.88 1.36 
4249 Excrement, millet . . . . . . . . . . . . . . . . . . . . .  7.0'7 4.30 
4254 Excrement, Bermuda . . . . . . . . . . . . . . . . . . .  5.68 3.38 . . 
' 
This material, therefore, is composed for the most part of other snb- 
stances than pentosans or protein. 
The soluble residue is in some cases digested more, in  others, less, 
than the total soluble nitrogen-free extract. This soluble residue in- 
cludes the indefinite gooup of substances rendered insoluble by acids, 
and we cannot assume that they are rendered insoluble in  quantitative 
proportions, but must await results of further experiments as to their 
nature. 
The total soluble nitrogen-free extract (soluble in approximately 
N/30 acid and alkali) is digested to a greater extent than the insolu- 
ble nitrogen-free extract. There are some exceptions to this stnte- 
ment ; namely, oat hay and alfalfa. 
TABLE 4.-DIGESTIBLE CONSTITUENTS IN  PERCENTAGE OF THE FOOD. 
Lab) 













. . . . . . . . . . . . . . .  Alfalfa hay used in Experiment No. 3. 
. . . . . . . . . . .  Bermuda hay used in Experiment No. 12.. 
. . . . . . . . . . . . . .  Burr c!over used in Experiment No. 6. .  
. . . . . . . . . . . .  Buffalo Grass used in Experiment No. 9.. 
. . . . . . . . . . . . .  Corn shucks used in Experiment No. 17. 
. . . . . . . . . . . . . .  Cowpea hay used In Experiment No. 1. 
. . . . . . . . . . . . .  Guam grass used in Experiment No. 16. 
. . . . . . . .  Johnson grass hay used in Exper~ment No. 4. .  
. . . . . . . .  Johnson grass hay.used in gxperiment No. 10 
. . . . . . . . . . . . .  Kafir fodder used In Experlment No. 15. 
M~llet used in Ex erlment No. 11. . . . . . . . . . . . . . . . . . .  
Oat hay used in gxxperiment No. 5.. . . . . . . . . . . . . . . . . .  
Sugars 
Mono. I Di. 
Starch. 
. . . . . . . . . . . . .  4259 Peanut hay used in Experiment No. 13.. 











. . . . . . . .  Rice straw, Japan, used in Experlment No. 7 .  
. . . .  Rice straw, Honduras. used in Experiment No. 18. 
. . . . . . . . . . . .  Sorghum hay used in Experiment No. 2 . .  









S'ITGARS, ETC., BY 1% PER CENT. SULPHURIC ACID AND CAUSTIC SODA. 
Only a limited amount of work was done along this line. 
Il1ethods.-The residue from the boiling with N/50 acid and alkali 
was returned to the beaker and boiled with 14 per cent. sulphuric acid 
as' in the regular crude fiber method. 
The f i l trate was neutralized with caustic soda,-made up to 400 c.c., 
40 c.c. of hydrochloric acid 25 per cent added, and heated. three hours 
in a boiling water bath. The insoluble was then determined on some 
of the materials. The solution was made up to 500 c;c. and reducing 
sugars determined by the Allihn method. 
The residue was returned to the beaker and boiled with l a  per cent. 
caustic soda, as in the method for cntde fiber. It was then filtered, 
and the filtrate neutralized with sulphuric acid and boiled with acid 
as described above. The insoluble vas  determined as described above. 
Nitrogen was determined in  some of the insoluble products. 
TABLE 5.-PERCENTAGE SUGARS, ETC., PRODUCED BY BOILING WITH ACIDS AND ALKALI. 
Sorghumhay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8.55 . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . .  1 0.59 1.67 Sorghumexcrement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8.55 2.25 11.12 . . . . . . . . . .  
Alfalfahay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.55 . . . . . . . . . .  1.55 . . . . . . . . . . . . . . . . . . . .  
Alfalfa excrement.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.15 . . . . . . . . . .  1.12 
. . . . . . . . . . . . . . . . . . . .  
Johnsongrasshay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7.45 . . . . . . . . . .  0.75 . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Johnson grass excrement. 7.80 0.54 0.85 12.04 2.40 
Oat hay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11.50 0.57 1.23 4.67 0.93 Oat hay excrement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8.80 0.70 1.23 7.45 1.24 
Burr clover . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.90 0.67 1.70 3.36 . . . . . . . . . .  
Burr clover excrement. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.03 0.78 0.43 7.76 . . . . . . . .  
Ricestraw . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11.23 0.78 0.95 4.76 
.75 
Ricestrawexcrement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10.55 0.60 0.33 6.4F 1.06 
Vetchhay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.39 0.40 0.11 2.53 . . . . . . . . . .  
Vetch hay excrement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5.65 0.57 0.28 4.05 . . . . . . . . . .  
Buffalo grass hay.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12.00 0.41 . . . . . . . . . .  6.44 1.30 
Buffalo grass excrement. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9.10 . . . . . . .  0.13 1.62 . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Johnsongrasshay 10.65 0:48 0.45 6.57 . . . . . . . . . .  
Johnson grass excrement. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9.00 . 0.36 0.56 10.45 . . . . . . . . . .  
Millet . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8.97 0.39 0.48 .4.33 0.70 
Milletexcrement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10.30 0.70 0.43 8.35 1.36 
Bermuda . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15.50 0.59 1.03 6.0'2 0.75 
Bermuda excrement. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13.12 0.48 1 .20 1.54 
Peanut hay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.80 . . . . . . . . . .  0.75 . . . . . . . . . . . . . . . . . . . .  
Peanut hay excrement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.40 . . . . . . . . . .  0.60 
. . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . .  Kafir fodder. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . I  10.10 . . . . . . . . . . . . . . . . . . . .  0.35 
. . . . . . . . . .  Kafir fodder excrement.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10.30 0.45 . . . . . . . . . . . . . . . . . . . .  
Guamgrass . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12.45 0.67 0.43 8.13 . . . . . . . . . .  
Guamgrassexcrement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12.72 0.67 0.66 8 ' 8 0 ~  9.43 . . . . . . . . . .  
Cornshucks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15.18 0.59 0.85 3.75 
Corn shucks excrement. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11 .90 0.25 0.65 7.17 . . . . . . . . . .  
. . . . . . . . . .  Ricestraw . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10.00 0.85 . . . . . . . . . . . . . . . . . . . .  
Rice straw excrement. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9.05 . . . . . . . . . .  0.90 . . . . . . . . . . . . . . . . . . . .  I O j 2  
Table 5 contains the results of this work expressed in percentage 
of the feed. Considerable quantities of sugars are produced by boil- 
ing with l a  per cent. sulphuric acid, and little insoluble material is 
formed during the hydrolysis with hydrochloric acid. The legumes pro- 
duce much lower quantities of sugars, but contain less insoluble nitro- 
gen-free extract. 
Roiling with the l+ per cent. caustic soda produces only small quan- 
tities of sugars, but considerable quantities of insoluble precipitates 
are formed in the subsequent hydrolysis with acid. The precipitate 
contain some proteids, as shown in  the table, but, after deducting this, 
large quantities remain, which make up comparatively large propor- 
t i o n ~  of the feed. The nature of this precipitate and its mother sub- 
stance requires further study. 
TABLE 6.-PERCENTAGE SUGARS OF INSOLUBLE NITROGEN-FREE EXTRACT, ETC., PRODUCED BY BOILING WITH ACID AND ALKALI. 
Lab. 1 . 
No. 
Sugars 














Sorghumhay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Sorghum hay excrement.. 
Alfalfahay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Alfalfa hay excrement.. 
Johnsongrasshay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Johnson grass hay excrement. 
Oat hay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  Oat hay excrement . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Burr clover . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Burr clover excrement. 
Ricestraw . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ricestrawexcrement 
Vetchhay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Vetch hay excrement. 
Buffalograsshay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Buffalo grass hay excrement. 
Johnsongrasshay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Johnson grass hay excrement.. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Millet 
Millet excrement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Bermuda . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Bermuda excrement. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Peanut hay 
Peanuthay excrement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Kafirfodder . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Kafir fodder excrement.. 
Guamgrass . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Guam grass excrement. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Cornshucks 
Corn shucks excrement.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ricestraw 





Table 6 shows the percentage of sugars, etc., based upcm the insolu- 
ble nitrogen-free extract as 100. This table brings out ~lear ly  the 
large proportion of sugars produced ,from the material dissolved by 
boiling 1.25 per cent. sulphuric acid, the small quantity from the ma- 
terial dissolved by boiling, 1.25 per cent. caustic soda, and the large 
quantity of insoluble precipitate from the material dissolved by alkali. 
It is, of course, open to question whether 911 the reducing material 
formed in this process consists of sugars. It is also a question to be 
decided, whether the method employed secured the maximum quantity 
of sugars from the dissolved materials. 
TABLE 7.-COEFFICIENTS OF DIGESTIBILITY AND QUANTITY DIGESTED OF SUGARS PRODUCED BY ACID AND ALKALI- 
Lab. 
No. 
Sorghumhay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  62.9 
Alfalfahay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  77.1 
Johnsongrasshay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  52.1 
Oathay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  69.3 
Burrclover . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  45.8 
Ricestraw . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  42.6 
Vetch hay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  62.7 
Buffalo grass hay. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  55.2 
Johnsongrasshay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  57.7 
Millet . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  45.1 
Bermuda . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  43.6 
Peanuthay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.3 
Kafirfodder . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  55.0 
Guamgrass . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  51.7 
Cornshucks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  56.5 
Riccstraw . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  43.6 
t 
Quantity digested from 100 Ibs. feed. 
' Insoluble Sugars Sugars 
Nitrogen by 1 1-4 by 1 1-4 
Free 1 per cknt 1 per cent 
Extract. Sulphuric. Alkali. 
Coefficient of Digestibility. 
Insoluble Sugars Sugars 
Nitrogen by 1 1-4 by 1 1-4 
~ r e c  1 per cent 1 per cent 
Extract. Sulphuric. Caustic. 
Table Y contains the coefficients of digestibility of the sugars pro- 
duced, and also the quantities of digestible sugars formed. 
,4n examination of this table shows considerable digestible material 
which is not reduced to the sugar form. It is, of course, true that 
there is probably a loss in transforming the carbohydrates present to  
sugars. On the other hand, i t  is probable that a considerable .portion 
of the deficiency is due to the presence of substanres other than carbo- 
hydrates. 
This work is being continued. 
















Sugars Pentosans sugars Rendered 
in N. F. from insoluble 
Starch Extract. hemi- by acid. 
Mono. I Di. I cellu1ose. 
3222 Excrement sheep 2. .. 
3223 Excrement sheep 3. .. 
3256 Excrement sheep 1. .. 
3259 Excrement sheep 2.  . .  
3260 Excrement sheep 3.  . .  
3'279 Excrement sheep 2. . .  
3280 Excrement sheep 3. .. 
3281 Excrement sheep 4. . .  
3589 Excrement sheep 1. . .  
3590 Excrement sheep 3 .  . .  
. 3591 Excrement sheep 4 . .  
3597 Excrement sheep 1 .  . .  
3598 Excrement sheep 4. .  . 
3623 Excrement sheep 2. .. 
3624 Excrement sheep 3 .  .. 
3877 Excrement sheep 2. . .  
3878 Excrement sheep 3. .. 
3879 Excrement sheep 4. .. 
3700 Excrement sheep 1. . .  
3885 Excrement sheep 2. .. 
3886 Excrement sheep 3. .. 
3887 Excrement sheep 4. .. 
4240 Excrement sheep 1. .. 
4241 Excrement sheep 2. . .  
4242 Excrement sheep 3.  .. 
4249 Excrement sheep 1 .  . .  
4250 Excrement sheep 3.  .. 
4251 Excrement sheep 4. .  . 
4254 Excrement sheep 1. .. 
4255 Excrement sheep 3.  .. 
4256 Excrement sheep 4.  . .  
4261 Excrement sheep 1 .  . .  
4262 Excrement sheep 3.  . .  
4263 Excrement sheep 4. . .  
4279 Excrement sheep 1 .  . .  
4280 Excrement sheep 3.  . .  
4281 Excrement sheep 4 . .  . 
4548 Excrement sheep 4. . .  
4549 Excrement sheep 5 .  . .  
4550 Excrement sheep 6.  . .  








. .  Excrement sheep 3 .  
. .  Excrement sheep 5. 
. .  Excrement sheep 1 .  
. .  Excrement sheep 4 .  
. .  Excrement sheep 5 .  
. .  Excrement sheep 1 .  
. .  Excrement sheep 4 .  
. .  4667 Excrement sheep 5 .  I 
TABLE 9.-NUTRIENTS FED, DIGESTED AND EXCRETED, I N  GRAMS PER PERIOD. 
---- - 
Digestion Period No. 1 with Cowpea Hay. 
Sheep No. 1- 
Fed4000gms.No .3220-1 . . . . . . . . . . . . . . . . . . . . . . .  
Excreted 1729 gms. No. 3222. . . . . . . . . . . . . . . . . . . .  
Digested . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Percentage digested from cowpea hay. .  . . . . . . .  
Shecp No. 2- 
. . . . . . . . . . . . . . . . . .  'Totalfed4000gms.No.3220-1 
Eaten . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Excreted 1687 gms. No. 3223. . . . . . . . . . . . . . . . . . . .  
Digested . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . .  Perccntagedigestedfromcowpcahay 
Average percentage digested. . . . . . . . . . . . . . . . .  
Digestion Period No. 2 with Sorghum IIay. 
Sheep No. 1- 
Fed4800gms.No.3224-5 . . . . . . . . . . . . . . . . . . . . . . .  
Excreted 1860 gms. No. 3258. . . . . . . . . . . . . . . . . . . .  
Insoluble 
N. F. E. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Digested.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Percentage digested from Sorghum hay.. . . . . . .  
Sheep No. 2.- 
Total fed 4000 gms. No. 3224-5.. . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . .  Excreted 1560 gms. No. 3259. 
Digcstcd . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Percentage digested from sorghum hay. . . . . . . .  
Total 
N. F. E. 
soluble. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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. . . . . . . .  
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. . . . . . . . . . . . . . . . . . . . . . . .  
19.2 
49.1 
















I . . . . . . . .
. . . . . . . .  
. . . . . . . .  
. . . . . . . .  
. . . . . . . .  
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232.4 
99.6 
19 t .4  








. . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . .  













. 5  
25.5 
93.1 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
410.4 
159.0 
















Sheep No. 3- 
Fed 4000 gms. No. 3224-5. . . . . . . . . . . . . . . . . . . . . . .  
Residue 5 gms. No. 3324-5.. . . . . . . . . . . . . . . . . . . . . .  
Eaten . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
E'xcreted 1440 gms. No. 3260. . . . . . . . . . . . . . . . . . .  
Digested. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Percentage digested.. . . . . . . . . . . . . . . . . . . . . . . .  
Digestion Period No. 3 with Alfalfa Hay. 
Sheep No. 2- 
Fed 4400 gms. No. 3277-8. . . . . . . . . . . . . . . . . . . . . . .  
Residue 3 gms. No. 3277-8.. . . . . . . . . . . . . . . . . . . . . .  
Eaten . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Excreted 1667 gms. No. 3279. . . . . . . . . . . . . . . . . . . .  
Digested. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Percentage difdigested. . . . . . . . . . . . . . . . . . . . .  
Sheep No. 3- 
Total fed 4400 gms. No. 3277-8. . . . . . . . . . . . . . . . . .  
Excreted 1511 gms. No. 3280. . . . . . . . . . . . . . . . . . . .  
Digested . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Percentage digested.. . . . . . . . . . . . . . . . . . . . . . .  
Sheep No. 4- 
Fed 4400 gms. No. 3277-8. . . . . . . . . . . . . . . . . . . . . .  
Residue 86 gms. No. 3283. . . . . . . . . . . . . . . . . . . . . .  
Eaten . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Excreted 1732 gms. No. 3281. . . . . . . . . . . . . . . . . . . .  
Digcsted . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Percentage digested. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . .  Average percentage digested. 
Digestion Period No. 4 with Johnson Grass Hay. 
Sheep No. 1- 
Fed. 3600 gms. No. 3587-8. . . . . . . . . . . . . . . . . . . . . . .  
Res~due 110 gms. No. 3592. . . . . . . . . . . . . . . . . . . . . .  
Eaten . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . .  Excreted 1720 gms. No. 3589. 
Digested . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
....................... Percentage digested.. 
TABLE 9.-NUTRIENTS FED, DIGESTED AND EXCRETED, IN GRAMS PERIPERIOD. 
Digestion Period No. 3 with Johnson Grass Hay. 
Sheep No. 3- 
Total fed 3600 gms. No. 3587-8. ................. 
Resldue 471 gms. No. 3593. . . . . . . . . . . . . . . . . . . . . .  
Eaten ......................................... 
Excreted 1476 gms. No. 3590. . . . . . . . . . . . . . . . . . . .  
Digested . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Percentage digested.. . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Sheep No. 4- 
Fed3600gms No 3587-8 . . . . . . . . . . . . . . . . . . . . . . .  
~ e s i d u e  158 gms. h o .  3594. . . . . . . . . . . . . . . . . . . . . .  
Eaten . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Excreted 1637 gms. No. 3591. . . . . . . . . . . . . . . . . . . .  
Digested . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . .  . . . . . . . . . . . . . . .  Percentage digested. ., , 
. . . . . . . . . . . . . . . .  Average percentage digested. 
Digestion Period No. 5 with Oat Nay. 
Sheep No. 1- 
Fed 4000 gms. No. 3595-6. . . . . . . . . . . . . . . . . . . . . . .  
Residue 173 gms. No. 3599. . , . . . . . . . . . . . . . . . . . . .  
Eaten . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I'xcreted 1281 gms. No. 3597.. . . . . . . . . . . . . . . . . . .  
Digested. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Sheep No. 4- 
Total fed 4000 gms. No. 3595-6. . . . . . . . . . . . . . . . . .  
Residue 242 gms. No. 3600. . . . . . . . . . . . . . . . . . . . . .  
Eaten . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Excreted 1433 gms. No. 3598. . . . . . . . . . . . . . . . . . . .  
Digested. ................................. 
Percentage digested.. . . . . . . . . . . . . . . . . . . . . . . .  
Average percentage digested. . . . . . . . . . . . . . . . .  
Digestion Period No. 6 with Burr Clover Hay. 
Sheep No. 2- 
Fed 4000 gms. No. 3609-10 . . . . . . . . . . . . . . . . . . . .  
Residue 5 gms. No. 3609-10.. . . . . . . . . . . . . . . . . . . .  
Eaten . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Excreted 1096 gms. No. 3623. . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Digested 
Percentage digested.. . . . . . . . . . . . . . . . . . . . . .  
Sheep No. 3- 
. . . . . . . . . . . . . . . .  Total fed 4000 gms. No. 3609-10. 
Residue 15 gms. No. 3609-10. . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Eaten 
Excreted 1110 gms. No. 3624. . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Digested 
Percentage digested.. . . . . . . . . . . . . . . . . . . . . . . .  
Average percentage digested. . . . . . . . . . . . . . . . .  
Digestion Period No. 7 with Rice Straw. 
Sheep No. +- 
Fed.3600 gms. No. 3625-6. . . . . . . . . . . . . . . . . . . . . .  
Resldue 53 gms. No. 3880. . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Eaten 
Excreted 1914 gms. No. 3877. . . . . . . . . . . . . . . . . . . .  
Digested. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Percentage digested.. . . . . . . . . . . . . . . . . . . . . . . .  
Sheep No. 3 
Total fed 3600 gms. No. 3625-6. . . . . . . . . . . . . . . . . .  
Residue 305 gms. No. 3881. . . . . . . . . . . . . . . . . . . . . .  
Eaten . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Excreted 1933 gms. No. 3878. . . . . . . . . . . . . . . . . . . .  
Digested .................................. 
Percentage digested.. ....................... 
TABLE 9.-NUTRIENTS FED. DIGESTED AND,\EXCRETED, IN GRAMS PER PERIOD. 
Digestion Period No. 7 with Rice Straw. 
Sheep No. 4- 
Fed 3600 gms No 3625-6 
R e s i d u e 1 7 0 & ~ . ~ 0 . 3 8 8 2 . . : : : : : : : : : : : : : : : : : : : : :  
Eaten . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Excreted 1912 gms. No. 3879. *. . . . . . . . . . . . . . . . . .  
Digested. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
........ . . . . . . . . . . . . .  Percentage digcsted.. :. 
Average percentage digested. . . . . . . . . . . . . . . . .  
Digestion Period No. 8 with Vetch Hay. 
Sheep No. 1- 
Fed 4000 gms. No. 3649-50. . . . . . . . . . . . . . . . . . . . . .  
Eaten . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  






































































. . . . . . . .  
F37.6 
237.6 
. . . . . . . . . . . . . . . . . . . . . . .  Percentage digested.. 
Average percentage digested. ................ 
Digestion Period No. 9 with Buffalo Grass Hay. 
Sheep No. 3- 
Fed.4000gms.No.3883 -4 ....................... 
Resldue 5 gms. No. 3883-4.. . . . . . . . . . . . . . . . . . . . . .  
Eaten . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Excreted 1881 gms. No. 3886. . . . . . . . . . . . . . . . . . . .  
Digested . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Sheep No. 2- 
Total fed 4000 gms. No. 3883-4.. ................ 
Excreted 1701 gms. No. 3885. . . . . . . . . . . . . . . . . . . .  
Digested. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Percentage digested.. . . . . . . . . . . . . . . . . . . . . . . .  
Average percentage digested. ................ 
Digestion Period No. 10 with Johnson Grass Hay. 
Sheep No. 1- 
Fed 4000 gms. No. 4238-9. . . . . . . . . . . . . . . . . . . . . . .  
Residue 10 gms. No. 11238-9.. . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Eaten 
Excreted 1512 gms. No. 4240. . . . . . . . . . . . . . . . . . . .  
Digested. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Percentage digested.. . . . . . . . . . . . . . . . . . . . . . . .  
Sheep No. 3- 
Total fed 4000 gms. No. 4238-9. . . . . . . . . . . . . . . . . .  
Residue 5 grns. No. 4238-9.. . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Eaten : . .  
Excreted 1577 gms. No. 4241. . . . . . . . . . . . . . . . . . . .  
Digested. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Percentage digested. . . . . . . . . . . . . . . . . . . . . . . .  
Sheep No. 4- 
Fed 4000 gms. No. 4238-9. . . . . . . . . . . . . . . . . . . . . . .  
Residue 5 gms. No. 4238-9.. . . . . . . . . . . . . . . . . . . . . .  
Eaten . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Excreted 1634 gms. No. 4242. . . . . . . . . . . . . . . . . . . .  
Digested. ...................................... 
Percentage digested.. . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . .  Average percentage digested. 
Digestion Period No. 11 with Baled Millet. 
Sheep No. 1- 
Fed.4000 gms. No. 4247-8. ...................... 
Res~due 34 gms. No. 4247-8.. . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Eaten 
Excreted 1686 gms. No. 4249. . . . . . . . . . . . . . . . . . . .  
Digested. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . .  Percentage digested. 
TABLE 9.-NUTRIENTS FED, DIGESTED AND EXCRETED, IN GRAMS PER PERIOD. 
Sugar 









Digestion Period No. 11 with Baled Millet. 
Starch. 
Mono. 
Sheep No. 3- 
. . . . . . . . . . . . . . . . .  Total fed 4000 gms. No. 4247-8. 
Resldue 20 gms. No. 4247-8.. . . . . . . . . . . . . . . . . . . . .  
Di. 
Eaten . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  






Digested. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Percentage digested.. . . . . . . . . . . . . . . . . . . . . . . .  
Sheep No. 4- 
Fed.4000 gms. No. 4247-8. . . . . . . . . . . . . . . . . . . . . . .  






Eaten . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Excreted 1704 gms. No. 4251. . . . . . . . . . . . . . . . . . . .  
Residue. 
Total 
N. F. E. 
soluble. 
Digested. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Percentage digested. .: . . . . . . . . . . . . . . . . . . . . . .  
Average percentage d~gested . . . . . . . . . . . . . . . . .  
Insoluble 
N. F. E. 
Digestion Period No. 12 with Bermuda Hay. 
Sheep No. 1- 
Fed 4000 gms. No. 4252-3. . . . . . . . . . . . . . . . . . . . . . .  
,Residue 12 gms. No. 4252-4.. . . . . . . . . . . . . . . . . . . . .  
Suqar 




. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Eaten 
Excreted 1920 gms. No. 4254. . . . . . . . . . . . . . . . . . . .  
Digested. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Percentage digested.. . . . . . . . . . . . . . . . . . . . . . . .  
Sheep No. 3- 
. . . . . . . .  . . . . . . . . . . . . . . . . .  Total fed 4000 gms. No. 4252-3. 88.0 56.4 43.2 28.4 
. . . . . . . .  Residue 12 gms. No. 4252-4.. . . . . . . . . . . . . . . . . . . . .  .3 .2 .1 .1 
-----
...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . .  Eaten.. 87.7 56.2 43.1 28.3 
Excreted 2110 gms. No. 4255. . . . . . . . . . . . . . . . . . . .  1.7 .4 14.1 61.4 . . . . . . . .  
-----
.... . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Digested 86.0 55.8 29.0 0 
. . . . . . . . . . . . . . . . . . . . . . .  . . . . . . .  Percentage digested.. 1 98.1 99.3 67.3 0 1 .  
Sheep No. 3- 
. . . . . . . . . . . . . . . . . . . . . .  Fed.4000 gms. No. 4252-3. 1 8:!1 56:$1 43:$1 28:;/ : : : : : : : :  
. . . . . . . . . . . . . . . . . . . . . . . . . . .  Residue 15 gms. No. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Eaten 87 7 56 2 43 0 28.3 . . . . . .  
Excreted 2044 ams. No. 4256. . . . . . . . . . . . . . . . . . . .  I 1:4/ 1:6 l8:FI 29 . I  6 . . . . . .  
-----
..... . . .  Digested. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  86.3 54.6 24.4 
. . . . . . . . . . . . . . . . . . . . . .  Per cent a@-digest ed..: 1 .8. 1 :i: 4. . . .  .: - 1 .  . . . . . . . .   Average percentage d~gested . . . . . . . . . . . . . . . . .  08.4 08.7
Digestion Period No. 13 with Peanut Hay. 
Sheep No. 1- 
. . . . . . . . . . . . . . . . . . . . .  Fed 4000 gms. No. 4259-60. 
. . . . . . . . . . . . . . . . . . .  Excreted 1335 gms. No. 4'261. 
---- 
Digested. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 88.11 84.11 137.6) 0 1 146.4 
. . . . . . . . . . . . . . . . . . . . . . .  Percentage digested.. / 97.01 96.41 99.71.. ..... . I  92.2 
Sheep No. 3- 
Total fed 4000 gms. No. 4259-60. . . . . . . . . . . . . . . . .  . . . . . . . .  
. . . . . . . . . . . . . . . . . . .  Excreted 1246 gms. No. 4262. . . . . . .  
. . . . . . . .  Digested . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 87.91 86.3 137.11 
. . . . . . . .  Percentage digested. . . . . . . . . . . . . . . . . . . . . . . . .  1 96.8 / 98.9 1 99.31 
Sheep No. 4- 
. . . . . . . .  Fed 4000 gms. No. 4259-60. . . . . . . . . . . . . . . . . . . . . .  14.4 
. . . . . . . .  Excreted 1315 gms. No. 4263. . . . . . . . . . . . . . . . . . . .  21.4 
- - -  
.... . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . .  Digested. l . .  1 88.71 85.9 137.51 0 1.. 
Percentage digested.. . . . . . . . . . . . . . . . . . . . . . . .  08 5 99 6 
. . . . . . . . . . . . . . . .  Average percentage digested. 1 : 1 97 : 91 09 : 51 
W 
t-' 
TABLE 9'-NUTRIENTS FED. DIGESTED AND EXCRETED. IN GRAMS PER PERIOD. 
Digestion Period No. 14 with Para Grass. 
Sheep No. 1 
...................... Fed.4000 gms. No. 4277-8. 35.2 ........ 108.0 ................ 
..................... Resldue 212 gms. No. 4282. . . . . . . .  ( 5 , ~ . . . . . . . !  ........ 
---I1-------- 
. . . . . . . . . . . . . . . . . . . . . . . .  ........ 
Eaten. ~ x c r e t e ~ 2 O Y i h l . ~ o ' . ' i 5 ~ ~ . ' : : : : : : : :  . 1 164.8 1-61 33.3 21  41  103.3 91 4 . . . . . . . . . . .  .. . .. .. . .. 21:~ r50.01 875.0 I 1 . . . . . . . .  . . . . . . . .  . . . . . . . .  ------------- ... . . . . . . . . . . . . . . . . . . . . .  ................ ........ ............................... Digested 1.. 163.2 33.1 1 . 9  506.1 325.0 
Sugars 
---- 
..... ...... ...... ....... Percentage digested.. ....................... 1 99.01 99.41.. . I  11.51. ...... . I .  . I .  ...... . I  37.11. . . . . . .  .I. . I .  
Mono. 
Sheep No. 3- 
. . . . . . . . . . . . . . . . .  Total fed 4000 gms. No. 4277-8. 
Residue 40 gms. No. 4283. ...................... 1 17::91 35:4:: : : : : : : (  l oy :4  :::: ::::I :::: : : : : I  9z2:4 9 2 ' : 4 : : : : : : : 1 : : : : : : ( : : : : : : : :  
Di. 
Eaten.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
c e t e  ; .  NO. 4280. ................... 
. . . . . . . .  .................................. Digested. 
Residue. 
- _ - - - - - -  
Starch. 
........ ........ ........ . . . . . . . .  ........ ........ . . . . . . . .  ......................... Percentagedigested / 35.71 
N. F E 
soluble.' 
Sheep No. 4- 
...................... Fed.4000 gms. No. 4277-8. 174 0 35 2 104 0 922 8 924 0 
. . . . . . . . . . . . . . . . . . . . .  Resldue 648 gms. No. 4287. / 28k1 5 :J : : : : : : : : I  17:51::::::::/::::::::( 84171 149:71::::::::1::::::::1:::::::: ' 
Sugars 








........ Eaten ......................................... 145.8 29.5 90 5 838.1 774.3 . . . . . . . .  . . . . . . . .  
. . . . . .  ........ Excreted1751gms.No.4281 . . . . . . . . . . . . . . . . . . . .  1 2 1  1 60:21:: : : : : : : - : : : : : : :  327.1 475.g . .  I : : : : : : : : !  
- . - . _ _ _ . - _ _ _ _ ~  
Digested. ................................. 144.7 29.3 ........ 30.31.. . . . . . . . . . . . . . .  511.0 298.4 . . . . . . . . . . . . . . .  .I.. 
Insoluble 










....................... Percentage digested.. 83 1 99 3 33 .4 . .  . . . . . . . . . . . . . . . .  61.0 3 9 : ~ .  . .  : .. .I.. . . . . .  . I . .  . . .... 
.... . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  Averagepercentagedigested 1 93:71 99:6 / : : : : : : : : /  20.8 3 7 5  ; 
Sugars 




Digestion Period No. 15 with Kafir Fodder. 
Sheep No. 5- 
Fed 4000 gms. No. 4546-7. ...................... 
Excreted 1409 gms. No. 4548. ................... 
Digested. ................................. 
Percentage digested. ....................... 
Sheep No. 5- 
Total fed 4000 gms. No. 4546-7. . . . . . . . . . . . . . . . . .  
Excreted 1433 gms. No. 4549. . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Digested. 
Percentage digested.. . . . . . . . . . . . . . . . . . . . . . . .  
Sheep No. 6- 
Fed.4000 gms. No. 4546-7. . . . . . . . . . . . . . . . . . . . . .  
Resldue 308 gms. No. 4551. . . . . . . . . . . . . . . . . . . . . .  
Eaten ......................................... 
................... Excreted 1567 gms. No. 4550. 
Digested. ................................. 
Percentage digested.. ....................... 
Average percentage digested. ................ 
Digestion Period No. 16 with Guam Grass. 
Sheep No. 1- 
. . . . . . . . . . . . . . . . . . . . . .  Fed 4000 gms. N,o. 4552-3. 
Excreted 1899 gms. No. 4554. ................... 
Digested. ................................. 
Percentage digested.. ....................... 
Sheep No. 3- 
Total fed 4000 gms. No. 4552-3. . . . . . . . . . . . . . . . . .  
Excreted 1888 gms. No. 4555. . . . . . . . . . . . . . . . . . . .  
Digested. ................................. 
Percentage digested.. ....................... 
Sheep No. 5- pX:r",s 3; N&~.4&52:~~~ : ................... 
................... 
Digested .................................. 
Percentage digested.. ; ...................... 
Average percentage digested. ................ 
TABLE 7.-NUTRIENTS FED, DIGESTED AND EXBRETED, IN GRAMS PER PERIOD. 
Digestion Period No. 17 with Corn Shucks. 
Sheep No. 1- 
Fed 3200 gms. No. 4557-8.. ..................... 
Fed 45 gms. No. 4557-8. . . . . . . . . . . . . . . . . . . . . . .  
Totalfed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Excreted 1350 gms. No. 4559. . . . . . . . . . . . . . . . . . . .  
Digested. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Percentage digested.. ........................ 
Sheep No. 4- 
Total fed 3200 gms. No. 4557-8. . . . . . . . . . . . . . . . . .  
Added 12 gms. No. 4557-8 . . . . . . . . . . . . . . . . . . . . . . . .  
Eaten . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Excreted 1268 gms. No. 4560. . . . . . . . . . . . . . . . . . . .  
Digested . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Percentage digested.. . . . . . . . . . . . . . . . . . . . . . . .  
Sheep No. 5- 
Fed 3200 gms. No. 4557-8.. . . . . . . . . . . . . . . . . . . . . .  
Excreted 1147 gms. No. 4561.. . . . . . . . . . . . . . . . . . . .  
Digested. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Percentage digested. ., . . . . . . . . . . . . . . . . . . . . . .  
Average percentage d~gested. . . . . . . . . . . . . . . .  
Digestion Period No. 18 with ~ o n d l r a s  Rice Straw 
(baled) Sheep No. 1- 
Fer1.3200 gms. No. 4663-4.. . . . . . . . . . . . . . . . . . . . . .  
Resldue 3 gms. No. 4663-4.. . . . . . . . . . . . . . . . . . . . . .  
Eaten . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Excreted 1691 gms. No. 4665. . . . . . . . . . . . . . . . . . . .  
Digested . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Percentage digested.. . . . . . . . . . . . . . . . . . . . . . . .  
Sugars 
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- I p  
82.5 
1 . 6  
252.6 
82.0 
Sheep No. 4- 
Total fed 3200 gms. No. 4663-4. . . . . . . . . . . . . . . . . .  
Addcd 45 gms. No. 4668. . . . . . . . . . . . . . . . . . . . . . . . .  
Eaten .......................................... 
Excreted 1708 gms. No. 4666. . . . . . . . . . . . . . . . . . . .  
Digested. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Percentage digested.. . . . . . . . . . . . . . . . . . . . . . . .  
Sheep No. 5- 
Fed. 3200 gms. No. 4663-4. . . . . . . . . . . . . . . . . . . . . . .  
Resldue 777 gms. No. 4669. . . . . . . . . . . . . . . . . . . . . .  
Eaten . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . .  Excreted 1450 gms. No. 4667. 
Digested. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . .  Percentage digested.. 
. . . . . . . . . . . . . . . .  Average percentage digested. 
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SUMAfART AND CONCLUSIONS. 
1. The roughages contain only small percentages of sugars hnd 
starches, which are highly digestible. 
2. Pentosans a& destroyed by N/50 acid and nlkali in the anal>.ti- 
cal process employed. A black powder i s  also formed. 
3. The nitrogen-free extract of legu~nes is on an average more 
readily soluble in N/5O acid and alkali than  tha t  of non-legumec. 
4. The mother substances of the reducing sugars formed from the 
' 
material clissolred by N/5O acid and allcali yary decidedly in  digeeti- 
bility in the ~rarious tests. 
5.  The nitrogen-free estract soluble in S/.?O acid and alkali is, as 
a rule, cligestccl to a greater extent than that  not soluble. 
6. The  black insoluble substance formed (luring tlie conr.ersioli of 
the material dissolved I];\- XI50  acid and alkali into sugars is largely 
cr.;posed of non-nitrogenous material other than pentosans. 
i. Much larger quantities of material yielcling sugar!: are dissolred 
by 1i per cent. caustic soda. 
8. Boiling with caustic soda dissolves only small quantities of ma- 
terial converted into, sugars, but large quantities col~rrerted into an in- 
soluble black precipitate during the process. 
9. It is  probable tha t  the substances dissolved by acid ancl alkali 
contain considerable proportions of compounds other than carbo- 
hydrates. 
